The standard 12-lead ECG is still the most frequently recorded noninvasive test in medicine due to its accessibility and simplicity.

The QT interval is defined as the interval from the onset of the QRS complex (the earliest indication of ventricular depolarization) to the end of the T wave (the latest indication of ventricular repolarization).\[[@ref1]\] The QT interval is a reflection of the sum of the ventricular action potential durations\[[@ref2]\] in the heart, and it is considered the 'outer' manifestation of the underlying cardiac action potential.\[[@ref3]\]

Significant differences exist in the duration of the QT interval when measured in the individual leads. QT dispersion, the difference between maximal and minimal QT interval duration in all measurable ECG leads, is considered a marker of arrhythmia and sudden cardiac death risk, and a quantitative noninvasive method to determine myocardial repolarization inhomogeneities,\[[@ref4]\] although there are several trials that deny the prognostic value of QTd.\[[@ref5]\] Lately, its value has been reconsidered by some authors.\[[@ref6][@ref7]\]

The Tpeak-Tend interval (Tpe), the interval from the T-wave peak to the end of the T wave, has been accepted as easy, assessable measure of transmural dispersion of repolarization, related to arrhythmogenesis.\[[@ref8][@ref9]\]

Full repolarization of the epicardial action potential coincides with the peak of the T wave, and repolarization of the M cells with the end of the T wave. The duration of the M cell action potential determines the QT interval, whereas, the duration of the epicardial action potential determines the QT peak interval.\[[@ref3]\]

A prolonged ECG QT interval and Tpe interval are predictors of ventricular arrhythmia and sudden cardiac death.\[[@ref10]--[@ref13]\] Some authors consider that a prolonged Tpe is a better predictor of sudden cardiac death compared to a prolonged QT interval.\[[@ref3]\]

Sudden cardiac death, one of the leading causes of mortality, remains a health problem of epidemic proportions.\[[@ref13][@ref14]\] Ventricular arrhythmias, the most important causes of sudden cardiac death, are common in hypertensive patients. The underlying mechanisms are: left ventricular hypertrophy (LVH), myocardial ischemia, and impaired left ventricular function.\[[@ref15]\]

 {#sec1-1}

Aim {#sec2-1}
---

The aim of the study is to analyze the relation between QT interval and T-wave variables in hypertensive patients, with and without left ventricular hypertrophy (LVH).

Materials and Methods {#sec1-2}
=====================

Study population {#sec2-2}
----------------

Fifty-nine consecutive patients with grade 2 essential hypertension were enrolled in the study. The patients underwent standard 12-lead ECG and 2D-echocardiography.

The most important inclusion criteria were: grade 2 hypertension, diagnosed considering the criteria of the European Society of Cardiology\[[@ref16]\] and a written informed consent of the patient.

The most important exclusion criteria were: atrial flutter or fibrillation, electrolyte imbalances, active infections, peripheral edema, and chronic obstructive pulmonary disease.

The investigations conformed to the principles outlined in the Declaration of Helsinki (Cardiovascular Research 1997; 35:2-4) and were approved by the Ethics Committee of the University.

Electrocardiographic measurements {#sec2-3}
---------------------------------

The patients underwent standard 12-lead ECG at a paper speed of 25 mm/second, using a Cardioline Delta 3 Plus ECG unit. All subjects were in sinus rhythm. QTmax (the maximal duration of the QT interval in the 12 ECG leads), QTc (heart rate corrected QTmax), QTm (mean QT interval), QTd (QT dispersion), QTII (the QT interval in lead DII), QTcII (heart rate corrected QTII), and T-wave parameters: T0e (T wave duration), T0em (mean T0e), Tpe, Tpem (mean Tpe), Ta (T wave amplitude), and Tam (mean Ta) were manually measured in all 12 ECG leads.

The QT interval duration was measured from the beginning of the Q wave (or R wave) to the end of the T wave. The T-wave end-points were determined by drawing the baseline and a line tangent to the T wave.\[[@ref12]\] Leads where the end of the T wave could not be determined or where the T wave had a low amplitude or was isoelectric or biphasic were eliminated.\[[@ref13]\] If a U wave was present, the QT interval was measured to the nadir of the curve between the T and U wave.\[[@ref17]\] Two consecutive QT intervals were measured in each lead, and the arithmetic mean was calculated. A minimum of eight leads was measured for each patient.\[[@ref12]\] Twelve-lead ECGs were examined by two independent observers, who were blinded to the clinical data and in case of a difference of \>20 ms in each measurement, an agreement was obtained.

QTmax was the maximum duration of the QT interval in all 12 ECG leads.\[[@ref1]\] QTm represented the mean QT interval of all the ECG leads wherein the QT interval was measurable.\[[@ref12]\] The QT interval was corrected for rate using the Bazett formula: QTc = QT/√ RR, where QTc was the heart rate corrected QTmax interval, and RR represented the R-R distance.\[[@ref18]\] QTd was the QT dispersion, calculated as the difference between the maximal and minimal QT interval duration.\[[@ref19]\]

T-wave duration (T0e) was determined by the intersection of the 'base line' with the line that followed the steepest part of the T wave before and after its peak, considering the maximal value in all the measurable leads.\[[@ref20]\] T0em was the mean of T0e in all the ECG leads where the QT interval was measurable. Tpe was measured in each lead and obtained from the difference between the QT interval and the QT-peak interval (from the beginning of the QRS to the peak of the T wave).\[[@ref8][@ref21]\] The peak of the T wave was defined as a point of highest amplitude of T-wave deflection.\[[@ref9]\]

Tpe represented the maximal Tpeak-Tend duration in all the ECG leads where the QT interval was measurable, and Tpem, the mean of Tpe from all the ECG leads where the QT interval was measurable. Ta was the maximal T-wave amplitude considering all ECG leads in which it was measurable and Tam the mean value of the T-wave amplitude in all ECG leads.

Left ventricular hypertrophy {#sec2-4}
----------------------------

Left ventricular hypertrophy was diagnosed using both echocardiography\[[@ref22]\] (septal thickness and posterior wall thickness \>1 cm in women and \>1,1 cm in men) and the ECG\[[@ref23]--[@ref25]\] criteria.

Statistical analysis {#sec2-5}
--------------------

Continuous variables are presented as means ± SD (standard deviation). Multiple regression analysis, Bravais-Pearson correlation coefficient (r), sensitivity, specificity, and Student\'s *t*-test were used as statistical methods. Differences between groups were evaluated using the Student\'s *t*-test. A *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

The clinical characteristics of the study population are included in [Table 1](#T1){ref-type="table"}. The following cardiovascular risk factors were identified: dyslipidemia, obesity (Body Mass Index \>30 kg/m^2^), type 2 diabetes mellitus, and a family history of premature cardiovascular disease. Dyslipidemia was diagnosed considering the guidelines of the European Society of Cardiology: total cholesterol (\>190 mg/dl), LDL-cholesterol (\>115 mg/dl), HDL-cholesterol \<40 mg/dl in men and \<46 mg/dl in women), and triglycerides (\>150 mg/dl).\[[@ref16]\] The ECG parameters values are included in [Table 2](#T2){ref-type="table"}. QTc was prolonged in 41 patients (69%).
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Clinical characteristics of the patients
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ECG parameters in the study population
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Multiple regression analysis {#sec2-6}
----------------------------

Multiple regression analysis revealed a significant association between QT intervals and T-wave parameters. QTmax was significantly associated with Tpe (*P* = 0.015), QTd with Tpe (*P* = 0.022) and Ta (*P* = 0.004), and Tpe with QTd and T0e (*P* \< 0.05) \[[Table 3](#T3){ref-type="table"}\]. A P value of \<0.05 was considered statistically significant. The most important association with regard to R square was, Tpe with QTd and T0e.
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Multiple regression analysis
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Correlations {#sec2-7}
------------

A moderate, but significant correlation was found between QT intervals and T-wave parameters: Tpe and QTmax (r = 0.43, *P* \< 0.01), Tpe and QTII (r = 0.44, *P* \< 0.01), and between Ta and QTd (r = 0.45, *P* \< 0.01), where r was the Bravais-Pearson correlation coefficient.

Patients with left ventricular hypertrophy {#sec2-8}
------------------------------------------

A prolonged QTc was more prevalent in hypertensive patients with LVH (85%), compared to hypertensive patients without LVH (50%). QTm, QTd, QTII, Tpe, and Tpem were significantly elevated (*P* \< 0.05) in patients with LVH \[[Table 4](#T4){ref-type="table"}\].

###### 

ECG parameters in hypertensive patients with and without left ventricular hypertrophy
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Sensitivity and specificity of T-wave variables in predicting prolonged QT intervals {#sec2-9}
------------------------------------------------------------------------------------

The most sensitive ECG T-wave parameter was T0e ≥ 220 ms for both prolonged QTmax and QTc \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\]. The most specific T-wave parameter was Tam ≥ 3 mm for prolonged QTmax and T0em ≥ 220 ms for prolonged QTc \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\].
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Sensitivity and specificity of T.wave parameters as predictors of prolonged maximal QT interval (QTmax ≥ 450 ms)
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###### 

Sensitivity and specificity of T.wave parameters as predictors of prolonged heart rate corrected QT interval (QTc ≥ 450 ms)
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Discussion {#sec1-4}
==========

The main findings of our study are the high prevalence of prolonged QT intervals, the close connection between QT interval and T-wave variables, and QT and Tpe prolongation with left ventricular hypertrophy, in hypertensive patients.

Essential hypertension prolongs the QT interval, despite the blood pressure-lowering therapy.\[[@ref10]\] A few studies have already demonstrated that LVH results in prolonged and nonuniform ventricular repolarization, increased action potential duration, and delayed ventricular conduction.\[[@ref8][@ref10][@ref26]\] The prolonged QT interval may be attributed to the increased thickness of the left ventricle wall and to intramural fibrosis, which distorts and prolongs transmural impulse propagation; it may be a manifestation of the intraventricular or interventricular conduction delay or block, or it may be due to the down regulation of several potassium currents responsible for repolarization.\[[@ref27][@ref28]\]

The Tpe interval has been accepted as a measure of transmural dispersion of repolarization, related to arrhythmogenesis.\[[@ref8][@ref9]\] This suggests that in LVH there is a high transmural heterogeneity of repolarization, and a high arrhythmic risk.\[[@ref8]\]

The close connection between the QT interval and T-wave variables was not demonstrated before in hypertensive patients, and no other study, as far as we know, predicted a prolonged QT interval using T-wave parameters. This could mean a similar prognostic value for ventricular arrhythmia and sudden cardiac death, but it should be the aim of another study.

The values obtained for QT intervals and Tpe in the present study are similar to those of other studies.\[[@ref10][@ref26]\] Zhao *et al*.,\[[@ref8]\] obtained lower values for QTc and Tpe compared to the present study. The most obvious reason for the differences is purely methodological: Zhao *et al*., used only leads V4-V6 for their electrocardiographic analyses, whereas, the present study has used all measurable leads and chosen the longest intervals from those leads as the principal measures.

It has been demonstrated earlier that LVH leads to a notable increase in the Tp-e/QT ratio, which may serve as a good clinical predictor of sudden cardiac death.\[[@ref21]\]

Study limitations {#sec2-10}
-----------------

The main limitations were: the sample size, difficulties in delineating the end of the T wave in some leads, no clear consensus about the normal values for T-wave variables and QTd, and several additional QT interval prolonging and shortening factors.

Considering the low number of patients and very few patients with a known history of ventricular arrhythmia, the results need to be confirmed in larger groups and follow-up studies.

Difficulties in delineating the end of the T-wave in some leads are mentioned in several articles.\[[@ref10]--[@ref13][@ref17]\] This is the reason why, leads in which the end of the T wave could not be assessed, were eliminated.

There are no large population Tpe studies and there is no clear consensus about the normal values for Tpe.\[[@ref21]\] The Tpe data of our study are comparable to those of other studies.\[[@ref29][@ref30]\]

Several factors may have had a contribution to QT interva\[l prolongation and shortening. QT interval elongation is caused by: diabetes mellitus,\[[@ref31]\] advanced age, heart failure, obesity,\[[@ref32][@ref33]\] coronary heart disease,\[[@ref34]\] renal impairment,\[[@ref35]\] and dyslipidemia.\[[@ref36]\] The number of patients with comorbidities has been low in our study. QT interval shortening may be caused by digitalis,\[[@ref37]\] angiotensin converting enzyme inhibition,\[[@ref38]\] and beta-blockers.\[[@ref39]\] The prevalence of patients with a prolonged QTc has still been high (69%), despite therapy.

Age and gender have obvious effects on the repolarization time.\[[@ref1]\] This is the reason why they have been matched in the two hypertensive groups: with and without LVH.

Conclusion {#sec1-5}
==========

Hypertension is associated with an increased prevalence of prolonged QT intervals. QT interval and T-wave variables are closely connected in hypertensive patients. A prolonged QT interval can be predicted using T-wave parameters. QTm, T0em, Tpem, and Tam, do not provide significant additional information compared to QTmax, T0e, Tpe, and Ta. Left ventricular hypertrophy is associated with a prolonged QT interval and Tpeak-Tend interval.
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